565th MEETING, STIRLING 1027 kinase, could inactivate glycogen synthase. It is, however, known that the behaviour of glycogen synthase kinase 2 on columns of DEAE-cellulose depends on the method used to isolate the enzyme (Nimmo et al., 19766); it is possible that under the conditions used by Schlender & Reimann (1975) [see Cohen et al. (1976)l. Nevertheless it is still an extremely specific enzyme in that only one or two serine residues in each substrate are phosphorylated, whereas many other proteins are not phosphorylated at all (Cohen et al., 1975) .
intracellular processes via the following mechanism: Hormone + Activated + Increased -+ Activated + Phosphorylated --f Physiological Hormones which act through cyclic AMP are thought to control a wide range of adenylate cyclic protein protein response cyclase AMP kinase This implies the existence of many physiological substrates for cyclic AMP-dependent protein kinase, and proteins thought to be physiological substrates include phosphorylase kinase (muscle), glycogen synthase (muscle and liver), triglyceride lipase (adipose tissue), cholesterol esterase (adrenal cortex) and L-type pyruvate kinase and histone H1 (liver) [see Cohen et al. (1976) l. Nevertheless it is still an extremely specific enzyme in that only one or two serine residues in each substrate are phosphorylated, whereas many other proteins are not phosphorylated at all (Cohen et al., 1975) .
These findings have raised interest in the molecular basis of cyclic AMP-dependent protein kinase specificity. Presumably the enzyme must recognize either some threedimensional configuration or a primary sequence common to each of the substrate proteins.
We have determined the amino acid sequences around the two phosphorylation sites on rabbit muscle phosphorylase kinase (Cohen et al., 1975 ) and compared these with the phosphorylation site on histone H1 (Langan, 1971) . These results showed that the protein kinase does not recognize a specific sequence of amino acids at sites of phosphorylation. However, other workers have pointed out that the presence of at least one basic amino acid located close to and on the N-terminal side of the phosphoserine residue is a feature common to all of the known substrates (Daile et al., 1975; Kemp et al., 1975) . This prompted us to extend our sequences of the phosphorylase kinase phosphopeptides in the N-terminal direction, by using a proteinase other than trypsin, which might not cleave peptide bonds adjacent to basic amino acids. We give these extended sequences here as well as an analysis of the sites phosphorylated on histone H2B, which is known to be a very good substrate for the enzyme in vitro. 
Results
Phosphorylase kinase. 32P-labelled phosphorylase kinase, phosphorylated in both the a-and b-subunits by rabbit muscle cyclic AMP-dependent protein kinase, was digested with equimolar amounts of thermolysin at 25°C for 30 min. Some 85 % of the radioactivity was released as trichloroacetic acid-soluble material, and this was resolved into three major components by gel filtration on Sephadex G-25 (superfine grade). Each component was further purified by peptide 'mapping'. Amino acid analysis showed that two of these peptides were derived from the a-subunit phosphorylation site and the third was from the site on the b-subunit. P-Subunit phosphorylation site. The 12-residue peptide was analysed on a Beckman 890C sequencer and gave the sequence Ala-Arg-Thr-Lys-Arg-Ser-GI y-Ser( P)-);lael-Tyr-Glx-Pro This is in agreement with the previously published sequence of the tryptic phosphopeptide (Cohen et al., 1975) , except for the position of Glx which, on the basis of two pieces of negative evidence, had been assigned to the N-terminus of the tryptic peptide (i.e. after the second arginine residue in the above sequence).
a-Subunit phosphorylation site. The larger thermolytic peptide comprised five amino acids and had the sequence Phe-Arg-Arg-Leu-Serp). The smaller peptide was Leu-Ser(P). These sequences are consistent with the sequence of the 40-residue tryptic phosphopeptide (Cohen et al., 1975) , which starts Arg-Leu-Ser(P)-Ile-Ser . . . Histone H2Bphosphorylation. Incubation of histone H2B with cyclic AMP-dependent protein kinase, cyclic AMP and [y-j2P]ATPMg led to the incorporation of 2mol of phosphate/mol of histone H2B. The 32P-labelled protein was digested with trypsin and phosphopeptides were purified by gel filtration and peptide 'mapping'. Two phosphopeptides were isolated in equal amounts, which together accounted for over 95 %of the radioactivity. Since the amino acid sequence of histone H2B is known, the composition of the two peptides, together with a subfragment of the larger peptide obtained by digestion with papain, allowed the conclusion that only the serine residues at positions 32 and 36 are phosphorylated. Studies of the labelling pattern at these two sites during the phosphorylation reaction showed that serine-36 was phosphorylated six times faster than serine-32. Serine-36 was phosphorylated at 50% of the rate of the /?-subunit of phosphorylase kinase under the standard conditions (Cohen et al., 1975) . The same two phosphorylation sites were identified by Hashimoto et al. (1975) , using cyclic AMPdependent protein kinase from silkworm. Additional phosphorylation of serine-14, reported by Shlyapnikov et at. (1975) , using pig brain protein kinase, was not detected either by ourselves or by Hashimoto et al. (1975) .
Discussion
The amino acid sequences at the four sites discussed in this paper are presented in Table 1 , along with sequences at the phosphorylation sites on histone H1 and L-type pyruvate kinase. The striking feature of all these sequences is the presence of at least two adjacent basic amino acids on the N-terminal side of the phosphoserine residue.
Zetterqvist et al. (1976) and Kemp et al. (1976) have shown that peptides corresponding to the pyruvate kinase sequences in Table 1 are good substrates for cyclic AMPdependent protein kinase. The K,,, for these peptides is comparable with that of substrate proteins, whereas the replacement of either arginine by leucine, or serine by threonine, destroyed the ability of the peptide to act as a substrate (Zetterqvist et al., 1976) .
The data presented here provide further support for the concept that two adjacent basic amino acids just on the N-terminal side of a serine residue may be a critical specificity determinant by which cyclic AMP-dependent protein kinase recognizes substrate proteins.
Histone H2B was a generous gift from Dr. E. 
